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Diil'vU^ STANDARD TELE- 

PHONE^ AND CABLES LIMITED a 
Bnljsh Compzr.y. o! 190 Strand. London. 
W.C.2.. England, do hereby declare the 
mvenuon; for which we pray that e patent 
"v-y J^. granted to us, and the method by 
which II IS to be performed, to be par- 
Cicularly described in and by the followint: 
st^meni: — . ^ 

"This invention relates to the manufacture 
ot optical fibre transformation sections 
compnsmg lengths of optical fibre, the two 
ends of such a length having core cross 
sectjons which differ either in size or shape 
or m. sae and shape. .' 

In the design of optical transmission 
systems ti is often necessary to provide a 
large number of couplings between pairs of 

■>n ofh '^^ °'" "o^^*-"-" optical fibfcs and 

20 other optical components such as sources 
and detectors. Some of these couplings are 
table to require the use of. an optical fibre 
iransfonnation section for redisiribuunK the 
optical energy across the ODtical wavefront 
leaving one of :he opiieai -components in 

ot?^^ ^'k-'"-'"'^** V f*"- launching into the 
other This invention is concerned with the 
manufacture of such transformation sec- 
tions repeatably and rcproduccibly in 
quantity,. j 

According 4o the invention thcr- is pro- 

tra^^V '"■""''^ "-^ '"'''^'"e optical fibre 
transformation sections ir.cludiag she steps 
of forming an optical fibre prefSnn whose 
core has longitudinal pcrio<^c rOructure in 
Its refractive index profile, of drawng tbe 
a-d o™« to reduce its cross^ection. 

a..d o. parting the drawn preform at in- 
tervals along lis length to produce optical 
libre transformption secfions the two ends 

w>,;**»f!? «' ^^^'^ s^roas sections 

wh ch differ either in ..ize or ..hape. or in ,izl 
and shape. • ^ 

.^HWrnbcr of methods of making optical 
fibre iransfonnation iections embodying the 
invcnlion m preferred form.^ will now be 
described w/.h reference to (he accompanv- 
ing orawings in which:-- ^ ' 

_ Figures Ifl, - . 

SO preforms of circular cross section JJl 
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from nesting aUerxijiicJy higher and, lo«^efr 
relractive mdc« components fitted in a tub- 
Figures 3a. 36 and 3c depict preforms 
whose cores are made from sp\icrcs f itted in 
a tube. 

Figures 4fl and depict piefomj, cere' 
made from fibre buadies. cor^,. 

r^r,',? ^' ^^'^ depict preforms of 
rectangular cross sections, 

F.gure depicts a single optical fibre 

transformation section of rcciangulav crov. 
Section, <-i.v-v.->- 

^}.^^^, If depicts the Lntnsfonnation 

shape has hcen converted from rcctanRula- 
lo circular. •»"•<■. 

Figure 6 depicts a preform whose core has 
been created by ion exchange or irradiation 

Figure -7a depicts an alternative con- 
stnictu|.n of preform o-hose core has been 
creeled by ion exchange. 

nrefl™ ^^P'^^'^i! component part of the ' 
preiorm of Figure 7a. and 

FiRurei 8a and 8b deoict sSternative 
arrangements of a double bu-^^hing from 
which may be drawn optical fibres or fibre 

""J?"^ longitudinal periodic 
structure m thctr core profiles 

The first method to be describ.sd of 
making optical fibre Iransfonnation sections sn 
mvuxves forming a preform comprising a 
stack of nesting alternately higher and low,,r 

bor^.^oV^J"'^*^ Sla^. components in the 
bore of a low-r retractive indes g'ass tube. 
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Figures la. and uTus'i^rte 

different geometries of stacking com- 
ponents. The higher anrj iowcr refractive 
m.dcx components, which are designated A 
'^fP^c'i^ely. are stacked in a tube C 
made ofihe lower rcft-activti indcn matsrisl 
1 he stacking clemcn'j ore all sojids of 
revolution to provide circular symmetry 
The requisite dimensions of the stackin£ 
c.sments can be readily obtained ' 
rcmcmbenng that during a .drnudng clown 95 
operation the volume remains unchanf/^H " 

ano hence the nrniluc-i f>f ih^ cmj:,, , • ■.•II 

borcdiamcierd and ihe .Ma=kinVc!em;,.;,7;" 
terg al / IS invariant. Thus, for inilancc. i r Vh'- 
Uraun Mhrr is to havv- a core diomc'cr o' ICO IfX) 
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Mm and a penodicity of 100 mm, ihc iuiiial 
in crval t of (he preform would be I mm fo» 
a 1 mm diamrter bor*. 100 Mm for a 2 mm 
diameter bore, and *o on 
. .The asscr-bhy of .*he stack of elements 
>nsiue ihc lube C is heated aad drawn UMne 
conventional rod-in-lube optical fibre 
drav/ing techniques, li may be soted thar 
. ihi5 drawing down is liable lo trap a 
re atively Jarge number scattering centres ai 
Ihc interfaces between corapoaents Thw 

I poo dB/km which would normally be quite 
unacceptable for a long distance tT^t\%- 
m\^s\Qxv medium but can be- tolerated -n- 
shore length fibre trnnsforniaiio:. iec^o;i m 
fibre''" ^'^^ transmissiv-ity optical 

Thv positions at vhich if r. drAM/n fibre 
needs to be parted is determined by'^U jai 
inspection. Inspection may be facilitated bv 
immersing the drawn fibre in an index- 
matching liqiiid. ' maex 

With the slacking arrangcraencs of Pieure 
\ the rano of the core cro&s-scctions at the 
two ends of a transformation secciou is a 
function of its length. For some applicaUons 
It IS desirable to make this cross-section 
ratio a constant over a small raingc of 
lensths. This may be achieved by adoDiioe 
th6 structure of Figure 2. In this structure 
• the ^ higher and lower refractive index 
»»ac^;,.g cc^iponents A and B' are short 
lubes assembled on a rod E made of the 
nieticr refractive index niatena* ^n*;^- ^hd 
tube C made of the lower rcfractiveTndcr 
maicnal. The higher and lower refr^ciiV 
iKdea stacking coiwponcnis A and B are 
!?f/ "'^^^J'^aJs thai V.ili readily inter- 

diffuse. The a;>sexnbly is fused together and 
drawn rtnwn in the sarr- ^^a^ o« rk^ 
^semblies of Figure k In the "drawi'fibr; 
.there u^ill not be abrupt ch£»nges i a effective 
core diameter' because of the effects of 
interdiffusion in the axial direction between 
adjacent stacking elements. There • wUI 
however be .substantial rej^ions between 
successive interdiffusion zones .^here the 

SO c'o^^^^^^^^^ ^^^^ ---- --ibiy 

„.}^'^ J^^y ^^^^c^s^ry for the tube C to be 
niled with a stack of nesting. coi^poncnls so 
.ong as Rir does not become trapped when 
ijie assem ts fused together. A particulary 
:^mp;c cor.sy-action cf slack is illusy-aicd in 
Fitfurc 1, Here the slack is formed e::- 
c usively of the higher refractive inde- 
elements, which in this instance at.: spheres 
In (he course of drawin^^ these spheres 
become converted info prolate spheroids G* 
as depicted in Figure 2b. As an altemauve to 
lirsi formmg the stack of spheres and ihcn 
collapsing the lube ar<^ud"ihcra. the spheres 
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material ,orrn;d fr^m 'f singf^'^ 

or 1&. iTic bund e of fib-^s „ ^ 

clnd iin^i- I - • " wriien may be 

ciaa or unclad, is giver. « lericxilic struefur; 
n lis shaping, for rnstanccby laWnt un ^ ! 
J.g or by drawing ,hc bundle ."^"l^gh ap^ 
p.aratus which deforms the bundfc 

fuse ;he fibres ioaeu'jcr 
The structure », then potted in a lot/; 
mc ting point lower refracivc ide" 

hA,^H^ '"■^'^ material wHch b 

1^ 1™^"'' CO Izpsfid around the sirucfure 
lo form a prefona. Tue prefonn U drain 
and cm .nfo approprikts . Jcng'A 
llnpth^"^ previously. 'The cutting info 
lengths Ls facilitated if the initUI l-y "r, 

rh^rtt'ar??^;':"^^/,' "'^ ^^^-^-^ 

ore^St' -1" "^'P'^' examples of 

Pris-^^c "Jjf employed to malce 

of o^-^ h.l^ -^"^Z'"" instead 
ei^n_s having circular symmetrv. 

pfciofnis uf Figures 5a and bh 

Clements . I ^hh'"^^ i:\;Vv°1=-^ri™^^^^^^ '«> 
refractive mdxeit ones B. The sheath H 

tuKoli^'wSu ^ -section 

"•«- sair.c iiisic as the 
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elements of the stack are fused together 

The preform of Figure Sc is fornS in a 
different way. A set of ribs is ruled etched 

^atr rill ThiTnH "f^'^'i^e index 

M j ■i"'*'="'*'''''ns so formed ar- 

fif^sKwM.r-'^ ^'^'S''^'" "tractive in.";. 
^lassKwhien is euhcr poured on or apo!ir,( 

fused. The higher refractive index glaL K is 

"yerl"rndlH^"jL" rcfracti^v^inde: 
inM ■. " ^-"^r^blyis drawn down 

m\l^?,° 5 transformation section can be 
mainiained as represented,.! Figure 5</. or i! , 
can be crculan^d a. rcprcsent=d in Figure '"'^ 
><?. (For iliuslraiiv-^ convenience only these 
iransformation xections have been derii'^.ed 
as bent round in a semicircle.) =P'>"='^ 

A form of iransformotion scciion similar )■)=, 
m shape to that of Figure 5d c;,n also be 
formed^in «ts by drawing down and cc-iM - 
'...«••• .e.,g;n.^ prcfv./m ui' ihc- lypc dcrpicied 
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in Figure b. Hcie ihc surface of sheei of 
lower refractive index glass'M is ma:*ked and 
then apertures are opened tn the masking 
to expose undcrlyinj; regions N which arc 
5 converted lo higher refractive index regions 
F by irradintion or an ion ^Hchangc reaclicn: 
The preform is completed by fusing - a 
second lower refractive inden sheet Q to ihe 
lop surface of ihe . first one. 

10 Selective maaking R and then irradiation 
or ion exchange can also be used to create 
higher refractive index zones S in ^lass discs 
T(Fi|ure 7a). The masking is.removed, next 
the dtsc assembled in a low refractive index 

15 lube C (Figure 7b), and then the assembly is 
fused together to form a prefom: vi'hich can 
be subsequently drawn down and cut into 
ap[;:Oprialc icrtcihs, 

A furthcV metliod cf making opiical /ibre 

20 transformation sections* will now be 
described with reference lo Figures 8a and 
86.. An inner bushing U containing a melt' of 
higher refrttclivc index core glass V is 
located centrally in an outer bushing W 

25 containing a mek of !oVer refractive index 
cladding glass X. The core/cladding 
diameter ratio of fibre drawn from the 
bustlings depends upon the relative 
positions of the two nozzles Y and 2 and 

30' upon the hydrostatic pressure and resistance 
to flow at these nozzles! Accordingly an 
optical fibre can be made with a periodic 
structure in its core/ciadding diameter racio 
by cyclically varying the relative pressure 

35 applied to ihe surface of the tvl/c melts V 
and X. 

4 

When ihe tv/o, nozrJes are level, as 
depicted in Figure Sa and the inner melt V 
is subjected to variations in applied pressure 
40 . the total glass flow follows the variations in 
pressure with the • result that external 
diameter of the drawn fibre fluctuates. 
When i!ic inner nozzJe Y is retracted, as 
depicted in Figure 8b the total glass flow is 
45 controlled by the flow resistance of the 
outer nozzle and is re.lativcly insensitive to 
the core glass pressure provided ih?r the 
viscositicia of the two glasses are similar. 
Under these circunastances therefore :i is 
50 posEible to vary cyclically the pressure 
applied to the inner melt V to produce a 
fibr^. with a periodic structure in it< corr' 
diametcv\ while retaining a subsianllally 
uniform externa! diameter of thr: cladding. 
55 The cuiiinc of the fibre into lengths 
corresponding to ir.divjdual transform a tiori 
sections may conveniently be synchronised 
with the means controlling the pressure 
cycle applied to the core glass melt. 
60 WHAT WE CLAIM ISi— 

1. A method of making optical fibre 
t/ansiormation set;tions including the steps 
of forming an optical fibre preform who^c 
core has a lonptudinal periodic structure in 
S5 its refractive index profUe, of. draw ing the 



preform dt)wn to reduce its cross-section, 
and of porting the drawn preform iit in- 
tervals along Its Length to produce optical 
fibre iraniforma flcn sections the two cods 
of each of which have core cross sections 70 
'-■-'htch differ cither in rlzc cr shap^, or in sizt; 
and shape. 

2. A method as claimed in claim 1 wherein 
the preform core is made by fusing tog^sther 

a stack of higher rcfraciiver* index com- 75 
ponenls nested u-iih other components of 
lower refractive index. 

3. A method as claimed in claim 2 wherein 
said components have circular symmetry. 

4. A rriethod as claimed in cjuiim 2 whorem go 
S2::J components are prismBtic. 

5. A method as claimed in claim 1 wh;;rein 
the preform core is m&de by fusing together 
a stack of e'cments .se lee led poruOM<^ of 
which have had their refractive index 85 
modified by irradiation or ion exchange. 

f». A method as claimed in claim 1 wherein 
the preform core is formed by forming a 
stack of higher refracuve index components 
in a sheath of lower refractive index and 90 
wherein the sheath is collapsed around the 
components 'and fused thereto. 

7. A meihfxJ as claimed in claim I wherein 
the preform core is formed by drawing down 
and collapsing the bore of a lovyer refractive 95 
index tube while introducing higher 
refractive index components into the bore at 
regular intervals. 

8. A method as claimed in claim 1 wh'^^i'fji 

the preform core is made from a higher ICG 
rcfraciivc index rod which is deformed at 
regular - intervals al?>ng its :::ngih and 
wherein a lower refractive index tube is 
collapsed around the defomjcd rod jand 
fused I hereto. 105 

9. A me thod as claimed in claim 1 wherein 
the preform core is made from a plurality of 
higher refracifre index fibres which arc laid 
up in a lay which changes repeiitively 
bet'ween two different cross-sectional HQ 
configurations, wherein the lay con- 
figuration of the fibres is secured by bonding 
them , together and . wherein a lovi^cr 
r^frsciive index lube iicollapsid fi-'Oimd lLc 
bonded fibres and fused thereto. 115 

10. A method as claimed in claim I 
wherein the prefonn core is made by for- 
niing a periodic indentation pattern Ln one 
surface of a lower refractive index strip, by 
filling said indentations ^Hih a higllcr 120 
refractive index material and then covering 

the filled indentations ^iih a s^icond lower 
nefraciivc index strip. 

Ml. A method .as claimed in claim 1 
wherein the preform core is made by ) 25 
selective masking one surface of a glass strip 
treating the unmasJccd portions of the strip 
by ion exchange or irradiation 50 1*5 to ii:- 
crcasc the refractive index of those ponionis, 
and *herci:i ihc portions of increastrd iJO 
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refractive indek; core ruST^^mI ^ 
m«^IU>lf lower re/n.cl?vlSerc12d1f,°:/'^ 
. and wherein the reiaii; -. b^^Jr^„„"Mf^ 

wfecrel? ,S^ ^ claimed in clai;;. 12 
. I^S^V^' *e P««ure applied to ih^ o.ii- 
melt IS r.oi viriedl >. , . . ? 

- : A meUiod as clauned in dBuHH or 12 

1 .**•••''.' • ' - 



».44B.08d 

wherein the oozzle «f .1,- • r 

before deicribed wilhTrr^^;^^ 
of the accompa nyi„L /rlt?!"'* J° ■ 

preceding claim. • " claimed in anjf ^° 
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